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raoncating a memory array, the method compnsi 

steps of: 

forming from a single substrate a number of access transistors, each access transistor 
formed in a pillar of semiconductor material that extends outwardly from a subsfrate'wherein 
each access transistor includes, in order, a first source/drain region^ a^tfJdyregion and a second 
source/drain region formed vertically thereupon; 

forming a trench capacitor, wherein a firstflate of the trench capacitor is integral with the 
first source/drain region of the access transistor; 

forming a number otwtJrdHnes in a number of trenches that separate adjacent rows of 
access transistors, whereineach trench includes two word lines with a gate of each word line 
interconnectiri^alternate access transistors on opposite sides of the trench; 

^forming a number of bit lines that interconnect second source/drain regions of selected 



2 1 . The method of claim 20, wherein the step of forming a trench capacitor further includes 
the step of forming a seconaplate that surrounds the first plate. 



22. The method of claim 20, and further comprising the step of forming a contact that couples 
a second plate of the trench capacitor to an underlying semiconductor layer. 
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23. The method of claim 20, where the step of forming a trench capacitor comprises the step 
of forming a second plate that forms a/grid pattern in a layer of semiconductor material such that 
the grid surrounds each of the pillaps that form the access transistors. 

24. The method of claim 20, wherein the step of forming a trench capacitor comprises the 
step of depositing poly-sili^on in crossing row and column isolation trenches formed around the 
pillars that define the access transistors. 



" (Unce Amended) A method ot tabncating a memory array, the method comprising tj^e^ 
steps of: 

epitaxially forming a first conductivity type first source/drain region layprtSn a substrate; 
epitaxially forming a second conductivity type body region layer offthe first source/drain 
region layer; 

epitaxially forming a first conductivity type second sdurce/drain region layer on the body 
region layer; 

forming a plurality of substantially parpHel column isolation trenches extending through 
the second source/drain region layer, the,btxiy region layer, and the first source/drain region 
layer, thereby forming column bar^#etween the column isolation trenches; 

forming a plurality of^rfostantially parallel row isolation trenches, orthogonal to the 
column isolation trenche y #'extending to substantially the same depth as the column isolation 
trenches, thereby fojamng an array of vertical access transistors for the memory array; 

filling tja^row and column isolation trenches with a conductive material to a level that 
does not e^eed the lower level of the body region so as to provide a common plate for 
capacitors of memory cells of the memory array; 
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forming two conductive word lines in eachroi&t^stfTation trenches that selectively 
interconnect alternate access transistgfs-on opposite sides of the row isolation trench; and 

forming bitjinesiliar^lectively interconnect the second source/drain regions of the 
j&cg Go^anoiQtorG o n e ach colu mn. 

26. The method of claim 25, wherein the sten/bf forming the first conductivity type 
source/drain region layer on the substrate comprises the step of forming the first conductivity 
type first source/drain region layer outwardly from the substrate to a distance sufficient for the 
first source/drain region layer to also function as a first plate of the capacitor for each memory 
cell in the array. / 

27. The method of claim 20, wherein the memory array comprises memory cells each 
occupying an area of 4F 2 , wherein F is a minimum feature size. 

28. The method of claimr 20, wherein the first source/drain region is N+ doped. 

29. The method ofyflaim 28, including forming the first source/drain region to a thickness of 
approximately 3.5 micrometers. 

30. (Once Amended) The method of claim 28, wherein the body region is P- doped. 

3 1 . (Once Amended) The method of claim 30, including forming the body region by 
epitaxial growth of single-crystalline P- silicon to a thickness of approximately 0.5 microns. 
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32. 



The method of claim 30, wtferein the second source/drain region is N+ doped. 
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33. The method of claim 32, including forming the second source/drain region by implanting 
the N+ dopant to a depth of approximately 0.1 microtis. 

34. The method of claim 25, wherein tee memory array comprises memory cells each 
occupying an area of 4F 2 , wherein F is^frninimum feature size. 

35. The method of claim 28, wherein the first source/drain region is N+ doped. 

36. The method ofclaim 35, including forming the first source/drain region to a thickness of 
approximately 3 . 5 ^micrometers . 

37. The/method of claim 35, wherein the unitary body region is P- doped. 



38. (Once Amended) The method of claim 37, including forming the body region by 
epitaxial growth of single-crystalline P- silicon to a thickness of approximately 0.5 microns. 



39. The method of claim 37, wherem the second source/drain region is N+ doped. 

40. The method of claim 3^ including forming the second source/drain region by implanting 
the N+ dopant to a depth (^^approximately 0.1 microns. 

g0^^^44^ (©nce^Inended) A method of forming an array ol memory cells, Ih e - mothod ■ 

^ comprising: 

forming using a single substrate a plurality of isolated vejjieafaccess transistors separated 
by trenches, comprising in order outward from the subsjfaf^ a first source drain region, a body 
region and a second source/drain region, whergifffhe separation of trenches is such that the area 
occupied by each memory cell is 4F 2 , wherein F is a minimum feature size; 
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forming a trench capacitor for each mempr^ sell, wherein a portion of the first 
source/drain region serves as a first pl^telff the capacitor; 



* J forming two word liijesilf select trenches, with a gate of each word line interconnecting 



alternate accessjransistors on opposite sides of the trench; and 

forming bit lines that interconnect select second Gourcu/ diu iii icgiuii s-. 



42. The method of claim 41, wherein thp^first source/drain region is N+ doped. 

43. The method of claim 4Hncluding forming the first source/drain region to a thickness of 
approximately 3.5 micropa^ters. 



44. (Once Amended) The method of claim 42, wherein the body region is P- doped. 

45. (Once Amended) The method of claim 43, including forming the body region by 
epitaxial growth of single-crystalline P- silicon to a thickness of approximately 0.5 microns. 



46. The method of claim 4A 9 wherein the second source/drain region is N+ doped. 

47. The method of claim 46, including forming the second source/drain region by implanting 
the N+ dopant to a depth of approximately 0.1 microns. 



48. The methdd of claim 41 , wherein forming the trench capacitor further includes the step 
for forming a second plate that surrounds the first plate. 
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-49t- — ( Omu Am e nded) A nietliud of foiming aii array of meiugf y ceils, the : 
comprising: 

forming with a single substrate a first layer of a first conductivity^^ of single 
crystalline silicon, a second layer of a second conductivity type of sipgle crystalline silicon, and a 
third layer of the first type of single crystalline silicon atop the second layer; 

selectively etching through the third through first l^ers and partially into the substrate 
so as to form a plurality of trenches and pillars spacefHipart such that the surface area occupied 
by each memory cell is 4F 2 , wherein F is a mimnlum feature size; 

filling the trenches with a conductive material so as to provide for a common plate for 
capacitors associated with each njerfiory cell, such that a portion of the first layer in each pillar 
serves as a plate for the capacitor; 

electricallyjHterconnecting select pillars by word lines electrically coupled to the second 
layer of the^£lect pillars; 

electrically interconnecting the select pillars by bit lines electrically coupled to the third 
fee- sclcct pillars. 



50. A method according to claim 46, wherein the first conductivity type is N+ and the 
second conductivity typens P-. 



5t: (Oiiil Am e nd e d) A mc thStt of fabricating an array ot memory cells, the mettle 

comprising: 

forming, using a single substrate, spaced apart access transkt6rs isolated by trenches, 
each access transistor comprising in order from the substrate outward, an N+ - doped first 
source/drain region, a P- doped body region and#ifN+ -doped second source/drain region; 

forming capacitors in the trench cprfesponding to each access transistor, wherein a 
portion of the N+ -doped first sourpe/arain region adjacent the substrate serves as a plate for the 
capacitor corresponding to eadi access transistor; and 



Conda 



PENDING CLAIMS 
Docket No. 303.379US2 
Micron Ref. No. 97-0224.01 
U.S. Serial No. 09/551,027 



Page 7 



electrically^ transistors in a manner that allows for an electrical 

di ^rppTnTin nr . nfw . flH nr rA arrA j jn each pa pamtQM flflrt j i iJ mi I UK|8nriilin iJ LraiiMSlu^ 



52. A method according to cljrfbi 51, wherein electrically connecting the access transistors 
includes: 

forming a number of word lines in a number of trenches , wherein each trench includes 
two word lines with a g#ie of each word line interconnecting alternate access transistors on 
opposite sides of th§/french; and 

forming ^lumber of bit lines that interconnect second source/drain regions of selected 
access transistc 



(Once Am ended) A method of forming a memory device ha\ 

cells and a minimum feature size F, comprising: 

forming using a single substrate a plurality of vertical access trapsrgtors separated by 
trenches and laid out in a substantially checker-board pattern supirlhat the memory cells occupy 
an area of 4F 2 , wherein the formation of the vertical a<xps£iransistors consists of the steps 
forming a first source/drain region of a first domptf'fype, forming a body region of a second 
dopant type atop the first source/drain regkrfCand forming a second source/drain region of a 
second dopant type atop the bodvpe^ion; 

forming a capacitorja'me trenches by lining the trench with a gate oxide and then filling 
the trench with polysiJi<5bn of the first type so as to surround a portion of the first source/drain 
region such tha^tfie surrounded portion of the first source/drain region serves as a first plate of 
the capacjjer and the polysilicon in the trench serves as a second plate of the capacitor; and 
'electrically connecting the transistors via bit lines and word lines so as to provide the 
lability of accessing a charge stored in one or more of the capacitors or providing a charge 
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54. The method of claim/53, further including connecting the word lines to a word line 
decoder and the bit lines tcy a bit line decoder to provide selective access to the memory cells. 




£ach 



(Unce Amended) A method of fornimg an eleeimtlie device having ail array of i Min c 
cells and a minimum feature size F, comprising: 

forming with a single substrate a plurality of spaced apart access transistor? 
comprising in order outward from the substrate, a first layer of N+ dopant sejmng as first 
source/drain, a second layer of P- dopant serving as a body region and jj4nird layer of N+ dopant 
serving as a second source/drain region; 

wherein the forming of the access transistors includeg/ffie step of forming trenches 
therebetween so as to provide a memory cell area of 4J 

forming, for each transistor, a capacitor ij^the trenches by filling the trench with a thin 
layer of oxide and polysilicon such that apdrtion of the first source/drain, the oxide layer and the 
polysilicon respectively serve as a Jkit plate, a dielectric, and a second plate for the capacitor 
electrically coimectmg'fhe transistors with word lines and bit lines; 
connecting th^Word lines to a word line decoder; 
cormectmg the bit lines to a bit line decoder; 

opepdtively connecting the word line and bit line decoders to an address buffer; and 
terfaoing thc-address - buffer to an electronic - 



56. 



The method of claim 5/, wherein the electronic system is a microprocessor. 



